No large national studies of ethnic differences in blood pressure among children accounting for body size differences have been published, to the authors' knowledge. This report details the similarities and differences in systolic and diastolic blood pressures between Black children and White children in the United States and examines the effects of age, sex, and body size on ethnic differences in blood pressure levels. Standardized measurements of seated systolic and diastolic pressures from eight large epidemiologic studies published between 1978 and 1991 that included measurements of 47,196 children on 68,556 occasions for systolic pressure and for 38,184 children on 52,053 occasions for diastolic pressure were used; 51 percent (24,048 children) were boys and 37 percent (17,466 children) were Black. Overall, there appear to be few substantive ethnic differences in either systolic or diastolic pressure during childhood and adolescence. The differences that were observed were small, inconsistent, and often explained by differences in body size. There was an ethnic group-body mass index (BMI) interaction that resulted in these findings that at lower levels of BMI Blacks have higher blood pressure and more hypertension than do Whites, but that at the highest levels of BMI, Whites have more hypertension (systolic or diastolic pressure) than do Blacks. Am J Epidemiol 2000,151:1007-19. blood pressure; body mass index; ethnic groups; hypertension Elevated blood pressure has been established as a major risk factor for the development of cardiovascular disease (1). It is also clear that in the United States Black adults have a substantially higher prevalence of hypertension compared with White adults (2). For example, the estimated 3-year incidence of new diagnosis of hypertension was more than twice as high for Black women and three times higher for Black men compared with Whites in the Hypertension Detection and Follow-up Program (3). In addition, the CARDIA Study has documented significant differences in blood pressure between Blacks and Whites in the young adult age group (4).
results of studies of older children and adolescents have been mixed, with some showing no difference in blood pressure by race (8) (9) (10) (11) (12) , others showing higher blood pressure in Black children (13, 14) , and still others showing higher blood pressure in White children (15, 16) . In many of these studies, the effects of covariates, such as body size, have not been extensively evaluated, and all have been of relatively small sample size.
The purpose of this analysis was to evaluate potential differences in blood pressure by ethnicity by combining data in 68,562 children-visits from eight large epidemiologic studies of cardiovascular risk factors in children and adolescents published between 1978 and 1991. In addition, we sought to determine the extent to which age, sex, and body size affect ethnic differences in blood pressure.
MATERIALS AND METHODS
Study populations were selected to match those used in the US Task Force Report on children's blood pressure (17) . Of the eight populations included in this study, blood pressure measurement methods for six of the US population samples (18) (19) (20) (21) (22) (23) (24) (Lackland et al., unpublished manuscript, 1985) with both Black and White children at or above age 5 years are detailed in a previous publication (25) . In addition, the Minnesota Prevention of High Blood Pressure in Children Program and the National Health and Nutrition Survey (NHANES) m study data (17, 26) were added to those of the prior six studies. All studies were extant and national, community based and included Black and White children and were available with required databases in electronic form for use in this report. Briefly, a mercury sphygmomanometer was used in six studies, and a random-zero device was used in two. Only the first blood pressure measurement for each separate study visit was used for each subject aged 5-17 years in these analyses. Two studies (18, 19, 22) for which diastolic blood pressure was measured only at the onset of the fourth phase of Korotkoff sounds (muffling) contributed data only for systolic blood pressure measurements. Blood pressure levels measured at multiple visits for any subject were used only if they were made at different ages. Most studies based cuff size on the circumference of the upper arm; in all studies, blood pressure was measured in the seated position; fifth-phase diastolic blood pressure (the disappearance of sounds (DBP5)) was used to characterize diastolic pressure; and most blood pressure measurements were made in the nonfasting state, throughout the year, and throughout the day. Most measurements were made in the school setting or in special trailers. Height was measured without shoes in all studies, and weight was measured without heavy outer clothes on beam balance scales (27) . None of the systematic differences in blood pressure measurements between studies affect Black/White comparisons because the studies are internally consistent. Descriptive data are provided of systolic and diastolic pressures by 1-year age groups, sex, and ethnicity (Black/White) as well as by age for children (aged 5-12 years) and adolescents (aged 13-17 years). In addition, linear regression models were fit to control for 1) study, 2) study and height (z score), and 3) study, height (z score), and weight (z score) to address the possible mediating effects of height and weight on differences found between ethnic groups. The z scores were obtained from NHANES DI on the basis of age-sex percentile charts of height and weight (17) . To standardize height and weight for age and sex, we computed age-and sex-specific height and weight percentiles and the corresponding z scores on the basis of standard growth charts (28) using software (EPENUT program) distributed for this purpose by the Centers of Disease Control and Prevention, Atlanta, Georgia Survey weights were not used for NHANES and the National Health Examination Survey so as to make the treatment of these studies comparable with the other studies in our dataseL Some previous studies have also investigated ethnic effects on extreme levels of blood pressure (e.g., more than the 95th percentile). Hence, we performed ethnic-specific logistic regressions of elevated blood pressure, defined as above the 95th percentile for a given age and height (17) on body mass index (BMI) and consider interaction effects of ethnicity and BMI using the model: where p is the probability of being above the 95th percentile for a given age and height. Furthermore, because there was a significant interaction effect of ethnicity and BMI on the prevalence of elevated diastolic pressure, we compared the proportion of Black versus White children with elevated blood pressure stratified by age group (ages 5-12 vs. 13-17 years), sex (male vs. female), and BMI (nonobese (first to fourth BMI quintiles) vs. obese (fifth BMI quintile)) using chi-square analysis. BMI quintiles were defined within specific years of age to avoid an age effect. We also compared the prevalence of elevated blood pressure by ethnic group while controlling for age group and sex by using the MantelHaenszel test.
The purpose of using (BMI -20) and (age -10) is to allow the main effect of ethnicity (measured by pj) to be interpretable as the effect of ethnicity on the probability of having elevated blood pressure (^95th percentile) for children of a roughly average age in the dataset (age 10 years) and a roughly average BMI in the dataset (20 kg/m 2 ).
RESULTS
The demographics of the study population are given in table 1. For systolic pressure, the study sample included 68,556 visits for 47,196 children and for DBP5 there were 52,053 visits for 38,184 children. The sample included 24,048 (51 percent) boys and 23,148 (49 percent) girls. Thirty-seven percent (n = 17,466) were Black, and 63 percent (n = 29,730) were White. The number of blood pressure visits available by each year of age from ages 5-17 years and by each of the eight studies contributing data to our analyses are given in table 2. The contribution of data by age group varied by study, with two studies providing all or most of the data for adolescents only. However, for the study sample as a whole, no single-year age group had fewer than 2,100 visits from which to contribute blood pressure measurements for analysis.
Comparison of blood pressure levels between Blacks and Whites, graphed in figures 1 and 2, was made by first presenting mean levels by age group for each year of age. Second, comparison was made after adjustment for study group alone; third, it was made separately, after adjustment for study and height z score; and finally, after adjustment for study, height z score, and weight z score. Table 3 shows all of these comparisons for systolic pressure among boys, and table 4 shows them for systolic pressure among girls. White boys had marginally higher systolic pressures than did Black boys for all age groups except age 12 years. The mean difference was 0.4 mmHg for children aged 5-12 years and 0.9 mmHg for adolescents aged 13-17 years. Adjustment for study and for height (as a measure of maturity) made only minor changes to these estimates of difference. 1,-0.8  -2.8, -0.5  -1.9,0.4  -1.7,0.4  -1.3,0.8  -2.3, -0.5  -1.3,0.2  -0.1, 1.3   -1.0,-0.3   -1.3, -0 
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Comparisons of systolic pressures between Black girls and White girls revealed more complex results than did those for boys. Unlike that for boys, Black girls' systolic pressure was higher (mean, 1 mmHg) than that of White girls for adolescents aged 13-17 years. These differences remained and were significant after adjustment by study. However, after adjustment by height and weight, the difference was reduced by more than 50 percent, although it was still significant, at 0.4 mmHg higher systolic pressure among Black than among White female adolescents. Like boys, among younger girls (aged 5-12 years), after adjustment for study, height, and weight, White girls as a group had higher adjusted (1 mmHg) systolic pressure than did Black girls. Table 5 shows the comparisons of mean levels of DBP5 by age and race for boys adjusted for study group alone, for study group and height, and for study group, height, and weight. There were no significant differences between ethnic groups among boys for DBP5 for children aged 5-12 years or for adolescents aged 13-17 years after adjustment for study, height, and weight.
Girls showed fewer differences between Blacks and Whites for DBP5 (table 6) than for systolic pressure. Diastolic pressure for both young girls aged 5 and 12 years and adolescents aged 13-17 years were significantly lower by about half a mmHg for Blacks than for Whites. Figure 3 shows the greater BMI for Black girls at all ages after 8 years compared with the other age-sex groups. Further analysis for ethnic group by BMI interactions were explored to determine whether ageand sex-adjusted body size is related to blood pressure levels differently among the two ethnic groups. The results of these analyses are shown in table 7. First, the odds of elevated blood pressure was significantly higher for the upper versus the lower decile of BMI for both sexes, ethnic groups, and age groups. The only significant differences in the influence of BMI on blood pressure between ethnic groups was for systolic pressure among adolescent males (aged 13-17 years old), in which systolic pressure was significantly more influenced by BMI for Whites than for Blacks (odds ratio for occurrence of elevated blood pressure for upper vs. lower decile of BMI, 2.7 vs. 1.5, respectively)
The effect of the interaction of ethnicity and BMI on the frequency of elevated blood pressure is further explicated in table 8. Table 8 shows that, regardless of BMI quintile, the odds ratio for elevated systolic pressure is generally lower for Blacks than for Whites except for older (aged 13-17 years) girls, where the reverse is true. However, the odds ratio of elevated diastolic pressure among Blacks (odds ratio = 
DISCUSSION
There is a well-documented excess of hypertension among adult Blacks compared with Whites. Until these analyses, no substantial differences in blood pressure levels or the prevalence of hypertension have been found between Black and White children aged 12 years and younger in the United States. However, smaller studies, which did not adjust for differences in height and weight, have found conflicting evidence for differences in blood pressure levels between US adolescent Blacks and Whites, as noted in the introduction and as previously reviewed (29) . A recent review (16) that attempted to summarize 29 previous studies of blood pressure that included both Black and White participants found that Black adolescent girls (aged 13-17 years) did have a greater mean systolic pressure (but not diastolic pressure) than did White adolescent girls. In the same review, Black boys were found to have a higher diastolic pressure (but no difference for systolic pressure) than White boys aged less than 13 years, but there was no adjustment for height or weight.
After data from 68,562 children-visits in eight US population or school-based studies were combined, differences in blood pressure between Black children and White children aged 5-17 years were detailed. Differences were found that were small, inconsistent by age group, and different for systolic and diastolic pressures and by sex. White boys had marginally higher systolic pressure than did Black boys for both young (aged 5-12 years) and older (aged 13-17 years) age groups. For diastolic pressure, there were no differences for male Blacks and Whites. Among girls, diastolic pressure was marginally and significantly lower in Black girls than in White girls for both children and adolescents. This was also true since, for systolic pressure among children aged 5-12 years, White girls had a marginally higher blood pressure than did Black girls; however, for adolescents the reverse was true. The higher systolic pressure among adolescent Black compared with White girls was reduced 50 percent, to 0.4 mmHg, after adjustment for study height and weight. White girls exhibit higher blood pressure than do Black girls before the approximate time of puberty (13 years), but this is reversed (for systolic pressure) among adolescents from age 13 years on. Pubertal maturation is an important determinant of weight, and weight is a determinant of blood pressure level. Assessment for pubertal maturation was not included in many of these studies, and so it was not possible to include it in the analysis. The differences in levels among adolescents are explained largely by differences in height and weight, whereas the differences in childhood are not. For boys aged 5-17 years, there are essentially no major differences in diastolic pressure level and only minor differences in systolic pressure after adjustment for height and weight.
BILL
The odds of elevated blood pressure increased for both age groups, sexes, and ethnic groups with increasing levels of BMI. However, generally, Blacks were less influenced by a BMI effect on their diastolic pressure level than were Whites. Furthermore, Blacks tended to have fewer elevated diastolic pressure readings at higher levels of BMI and more elevated blood pressure at lower levels of BMI than did Whites. These findings are consistent with the most recent studies of young adults. Some past studies of the relative contribution of obesity to high blood pressure have found, among adults, a lesser effect for Blacks than for Whites (30, 31) , while others (32-34) have not found a difference between Blacks and Whites or have been equivocal (35) . More recently (36) , combined data from two large population studies found no significant differences in regression slopes of systolic pressure on the sum of triceps plus subscapular skinfold thickness between Blacks and Whites of either sex for those aged 18-30 years. For those aged 45-65 years, however, there was a significantly smaller regression coefficient for Black than for White women (0.07 mmHg per 1-mm increase in the sum of subscapular skinfold thickness for Black women versus 0.19 mmHg per 1-mmHg for White women). The significance of these past observations coupled with our analyses suggests that BMI may have a lesser effect on blood pressure levels in Black than in White females. Further, it may be that there is also a different effect of BMI on blood pressure depending on the degree of fatness. It was noted that the proportion of hypertensive individuals (greater than the 95th percentile of blood pressure) was greater among Blacks than among Whites for those in the lower percentiles of BMI, but was greater among Whites than among Blacks for those in the higher levels of BMI. Such variability may relate to hormonal differences associated with differing levels of fat deposit in the two ethnic groups. The mechanism underlying this difference will need further research.
Overall, there appear to be few substantive ethnic differences in either systolic or diastolic pressure during childhood and adolescence. The differences that were observed were small, inconsistent, and often explained by differences in body size. This suggests that important changes occur in the late teenage and early adult years, leading to higher blood pressure and a greater prevalence of hypertension in Black than in White adults or that the effects of important influences on blood pressure in childhood are delayed at least until young adulthood.
